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[57] ABSTRACT 
A system measures a traveling direction of a vehicle 
based on a direction toward a coordinate position de 
?ned by outputs of a geomagnetic sensor from a ?rst . 
coordinate position of a center of a corresponding out 
put circle. The system utilizes a preliminary coordinate 
position as a preliminarily corrected value of the ?rst 
coordinate position, a ?rst value indicative of accuracy 
of the preliminary coordinate position and a second 

/ value which is variable depending on a variation in a 
magnetization level on a vehicle body. The system de 
rives a ?nally corrected value of the ?rst coordinate 
position based on the preliminary coordinate position 
and a latest value of the ?nally corrected value which 
has been derived in a prior execution of the system, by 
changing a rate which determines a point of the current 
?nally corrected value between the latest ?nally cor 
rected value and the preliminary coordinate position. 

22 Claims, 16 Drawing Sheets 
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VEHICULAR TRAVELING DIRECTION 
MEASURING SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to a system for mea 

suring a traveling direction of a vehicle using a geomag 
netic direction sensor and, more speci?cally, to a vehic 
ular traveling direction measuring system which is ca 
pable of providing an accurate measurement of a travel 
ing direction of the vehicle even when a vehicle body is 
magnetized. 

2. Description of the Background Art 
One of previously proposed systems for measuring a 

vehicle traveling direction is exempli?ed by, such as, 
Japanese First Patent Publication No. 59-100812 pub 
lished on June 11, 1984. 

In the system of this publication, a geomagnetic di 
rection sensor is used for measuring the traveling direc 
tion of the vehicle. The geomagnetic direction sensor 
has a pair of windings which are intersected in perpen 
dicular to each other and arranged on an annular core in 
a horizontal posture. The geomagnetic direction sensor 
outputs detected voltages (output values) correspond 
ing to geomagnetic directional components interlinked 
to the respective windings. 
When the vehicle makes one turn under the uniform 

geomagnetism, an output circle is described on a coor 
dinate plane using coordinate positions each de?ned by 
the voltages detected at the respective windings. Ac 
cordingly, during a normal traveling of the vehicle, a 
direction from a center of the output circle toward a 
coordinate position de?ned by the detected voltages is 
derived as a traveling direction of the vehicle. 
On the other hand, when the vehicle body is magne 

tized due to the disturbance of the environmental geo 
magnetism, the center of the output circle is caused to 
vary or move, thus resulting in an error in measurement 
of the traveling direction of the vehicle. To correct this 
error, one turn ofthe vehicle is required to derive a new 
center of a corresponding output circle. Speci?cally, 
the output values of the geomagnetic direction sensor 
are sampled during one turn of the vehicle and then 
averaged to derive a new or corrected center of the 
output circle. 

In the foregoing background art, however, because a 
small number of the output values are sampled to be 
averaged even when the magnetic environment is not 
preferable, it is substantially impossible to derive a cor 
rected center coordinate position of a corresponding 
output circle with high accuracy. Further, one turn of 
the vehicle has to be performed by a driver for the 
correction. 

Still further, although it is desirable to make one turn 
of the vehicle as soon as possible after the vehicle body 
is magnetized, it is practically dif?cult to seek a proper 
place for making the vehicle turn. Accordingly, the 
direction measurement error remains during the travel 
ing of the vehicle until ?nding the proper place for 
making the vehicle turn. 

Further, when the foregoing correction of the center 
of the output circle is performed in the condition of the 
large disturbance of the environmental geomagnetism, 
such as, on a road under a high level road or among 
high buildings, the correction accuracy becomes less in 
comparison with the correction accuracy performed in 
the condition of smaller disturbance of the geomagne 
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2 
tism. Accordingly, the corrected coordinate position of 
the center of the output circle tends to be unreliable so 
that the correction itself becomes meaningless. 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to 
provide a system for measuring a traveling direction of 
a vehicle that can eliminate the above-noted defects 
inherent in the background art. 

It is another object of the present invention to pro 
vide a system for measuring a traveling direction of a 
vehicle than can provide an accurate measurement of a 
traveling direction of the vehicle by correcting a coor 
dinate position of a center of an output circle with high 
accuracy, but without requiring a vehicle driver to 
make any turn of the vehicle, irrespective of the condi_ 
tion of the disturbance ofthe environmental geomagne 
tism around the vehicle. 
To accomplish the above-mentioned and other ob 

jects, according to one aspect of the present invention, 
a system comprises a geomagnetic sensor for sequen 
tially deriving two directional component data of the 
geomagnetism around a vehicle, the two directions 
being orthogonal to each other on a horizontal plane, 
?rst means for deriving a traveling direction of the 
vehicle based on a direction toward a coordinate posi 
tion de?ned by the two directional component data 
from a ?rst coordinate position of a center of a corre 
sponding output circle. 
The system further comprises second means for de 

ciding whether a magnetization level on a vehicle body 
is shifted from a ?rst level to a second level based on the 
two directional component data, third means for storing 
a ?rst group of the two directional component data, 
fourth means for storing a second group of the two 
directional component data, ?fth means for deriving a 
second coordinate position as a preliminarily corrected 
value of the ?rst coordinate position based on the ?rst 
group of the data, the second coordinate position de 
rived for the ?rst magnetization level in response to a 
negative decision of the second means and sixth means 
for deriving a third coordinate position as a preliminar 
ily corrected value of the ?rst coordinate position based 
on the second group of the data, the third coordinate 
position derived for the second magnetization level in 
response to a positive decision of the second means. 
The system further comprises seventh means for de 

riving a ?rst value indicative of accuracy of the second 
or third coordinate position, eighth means for deriving 
a second value which is variable depending on a varia 
tion in the magnetization level on the vehicle body, and 
ninth means for calculating a fourth coordinate position 
as a ?nally corrected value of the ?rst coordinate posi 
tion based on the second or third coordinate position 
and a latest value of the fourth coordinate position, the 
latest value derived in a prior calculation executed by 
the ninth means, by changing a rate of displacement of 
the fourth coordinate position between the latest value 
and the second or third coordinate position, the rate 
determining a point of the fourth coordinate position 
between the latest value and the second or third coordi 
nate position. 

According to another aspect of the present invention, 
a system comprises a geomagnetic sensor for sequen 
tially deriving two directional component data of the 
geomagnetism around a vehicle, the two directions 
being orthogonal to each other on a horizontal plane, 
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?rst means for deriving a ?rst traveling direction of the 
vehicle based on a direction toward a coordinate posi 
tion de?ned by the two directional component data 
from a ?rst coordinate position of a center of a corre-~ 
sponding output circle, second means for deriving a 
variation in a traveling direction of the vehicle based on 
data output from a non-geomagnetic second sensor, the 
second sensor outputting the data without being af 
fected by the geomagnetism around the vehicle, and 
third means for deriving a second traveling direction of 
the vehicle based on the variation derived by the second 
means. 

The system further comprises fourth means for decid 
ing whether a magnetization level on a vehicle body is 
shifted from a ?rst level to a second level based on the 
two directional component data, ?fth means for storing 
a ?rst group of the two directional component data, 
sixth means for storing a second group of the two direc 
tional component data, seventh means ‘for storing a 
third group of the two directional component data and 
corresponding data of the second traveling direction of 
the vehicle, eighth means for deriving a second coordi 
nate position as a preliminarily corrected value of the 
?rst coordinate position based on the ?rst group of the 
data, the second coordinate position derived for the ?rst 
magnetization level in response to a negative decision of 
the fourth means, ninth means for deriving a third coor 
dinate position as a preliminarily corrected value of the 
?rst coordinate position based on the data stored in the 
seventh means, the third coordinate position derived for 
the second magnetization level in response to a positive 
decision of the fourth means, tenth means for deriving a 
?rst value indicative of accuracy of thesecond coordi 
nate position, eleventh means for deriving a second 
value indicative of accuracy of the third coordinate 
position, twelfth means for deriving a fourth coordinate 
position as a preliminarily corrected value of the ?rst 
coordinate position based on the second group of the 
data, the fourth coordinate position derived for the 
second magnetization level when the second value is 
less than a ?rst predetermined level, thirteenth means 
for deriving a third value indicative of accuracy of the 
fourth coordinate position, and fourteenth means for 
deriving a fourth value which is variable depending on 
a variation in the magnetization level on the vehicle 
body. . 

The system further comprises ?fteenth means for 
calculating a ?fth coordinate position as a ?nally cor 
rected value ofthe ?rst coordinate position based on the 
second or third or fourth coordinate position and a 
latest value of the ?fth coordinate position, the latest 
value derived in a prior calculation executed by the 
?fteenth means, by changing a ‘rate of displacement of 
the ?fth coordinate position between the latest value 
and the second or third or fourth coordinate position, 
the rate determining a point of the ?fth coordinate posi 
tion between the latest value and the second or third or 
fourth coordinate position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more fully 
from the detailed description given hereinbelow and 
from the accompanying drawings of the preferred em 
bodiment of the invention, which are given by way of 
example only, and are not intended to be limitative of 
the present invention. 

In the drawings: 
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4 
FIG. 1 is a schematic block diagram showing a pre 

ferred embodiment of the present invention; 
FIG. 2 is a schematic circuit wiring diagram of a 

geomagnetic direction sensor used in the preferred em 
bodiment of FIG. 1; 
FIG. 3 is a graph of magnetic flux density B versus 

magnetic ?eld I-I showing characteristics of energiza 
tion of the geomagnetic direction sensor of FIG. 2; 
FIG. 4 is a graph of time versus magnetic flux show 

ing a variation in magnetic flux on a permalloy core of 
the geomagnetic direction sensor under no application 
of the magnetic ?eld; 
FIG. 5 is a graph oftime versus magnetic flux show‘ 

ing a variation in magnetic flux on a permalloy core of 
the geomagnetic direction sensor under application of 
the magnetic ?eld; ' 
FIG. 6 is a graph of time versus detected voltage I 

showing characteristics of the detected voltages; 
FIG. 7 is a schematic plan view of a vehicle incorpo 

rated with the geomagnetic direction sensor of FIG. 2 
to explain a traveling direction of the vehicle; 
FIG. 8 is an explanatory view of an output circle‘ 

derived by outputs ofthe geomagnetic direction sensor; 
FIG. _9 is an explanatory view showing the geomag 

netic direction sensor, wherein a magnetic ?eld other 
than the geomagnetic ?eld is applied to the geomag 
netic direction sensor in addition to the geomagnetic 
?eld; 
FIG. 10 is an explanatory view showing a displace 

ment of the output circle due to magnetization on the 
vehicle body; 
FIG. 11 is a general ?owchart to be executed by an 

arithmetic processing unit in the preferred embodiment 
of FIG. 1 for deriving a new center position of a corre 
sponding output circle; 

FIG. 12 is a flowchart showing an interrupt routine 
to be executed per a predetermined time by the arithme 
tic processing unit in the preferred embodiment ofFlG. 
l; ' 

FIG. 13 is a ?owchart showing an interrupt routine 
to be executed per a predetermined distance by the 
arithmetic processing unit in the preferred embodiment 
of FIG. 1; 

FIG. 14 is a flowchart showing an interrupt routine 
of a normal mode process to be executed by the arith 
metic processing unit per a predetermined timing when 
new data enough for calculating a preliminary center 
position are collected; 
FIG. 15 is a flowchart showing a subroutine of a 

normal mode process and a magnetization mode process 
for deriving a preliminary center position and its calcu 
lation accuracy; 
FIG. 16 is a flowchart showing an interrupt routine 

for deriving a new center position of a corresponding 
output circle; 
FIG. 17 is a flowchart showing a subroutine of initial 

ization for a magnetization mode process; 
FIG. 18(0) and FIG. 18(b) are a ?owchart showing 

an interrupt routine ofa magnetization mode process to 
be executed by a predetermined timing when new data 
enough for calculating a preliminary center position are 
collected; 
FIG. 19 is a flowchart showing a subroutine of the 

magnetization mode process for deriving a preliminary 
center position and its calculation accuracy: 

FIG. 20(0) is a graph showing a VX—V,- coordinate 
plane for explaining how to derive a new preliminary 
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center position of a corresponding output circle in the 
normal mode process; 
FIG. 20(b) is a graph showing a V,(—Vy coordinate 

plane for explaining how to derive a new preliminary 
center position of a corresponding output circle in the 
magnetization mode process; 
FIG. 21 is an explanatory view for explaining a ma 

trix buffer; 
FIG. 22 is an explanatory view for explaining how to 

derive a new center position using an interior division 
rate; and 
FIG. 23 is a graph showing a VX-Vy coordinate plane 

for explaining concepts for deriving a new preliminary 
center position using the method of isosceles triangle. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, a preferred embodi 
ment of a vehicular traveling direction measuring sys 
tem according to the present invention will be described 
with reference to FIGS. 1 to 23. 
FIG. 1 shows a block diagram of the vehicular travel 

ing direction measuring system of the preferred embodi 
ment. In FIG. 1, the geomagnetic direction sensor 1, 
preferably of a flux gate type, resolves the geomagne 
tism into two directional components, the two direc 
tions being perpendicular to each other on a horizontal 
plane, and outputs the two directional component data 
in the form of electrical signals (VX, VY) indicative of 
a coordinate position on a X-Y coordinate plane. A 
vehicle speed sensor 2 outputs a count signal per a pre 
determined unit distance AD travelled by the vehicle. 
The gyro sensor 3 outputs a signal indicative of an angu 
lar velocity attain a yawing direction ofthe vehicle. The 
gyro sensor 3 is replaceable by, such as, a steering angle 
sensor and a speed differential sensor which derives a 
difference in speed between right and left side wheels, 
as long as its output is not affected by the geomagnetic 
environment. ‘ 

The output signals from the geomagnetic direction 
sensor 1, the speed sensor 2 and the gyro sensor 3 are 
respectively fed to an arithmetic processing unit 5 
through an interface circuit 4. The processing unit 5 
executes several calculation routines based on the input 
data to derive a traveling direction of the vehicle, 
which will be described later in detail. 

FIG. 2 shows a structure of the geomagnetic direc 
tion sensor 1 used in the preferred embodiment. The 
geomagnetic direction sensor 1 includes an annular 
magnetic core 6 made of a permalloy and a pair of 
windings 7X, 7Y wound on the magnetic core 6. The 
windings 7X, 7Y are arranged in perpendicular to each 
other. Further, a winding 8 is wound on the magnetic 
core 6. The winding 8 is energized by a power supply 9 
so as to energize the magnetic core 6 immediately be 
fore saturation as shown in FIG. 3. 
When the geomagnetic direction sensor 1 is placed in 

a non-magnetic field with the power supplied to the 
winding 8, a magnetic ?ux (b1 and a magnetic flux (1); 
passing through positions 51 and S2 of the permalloy 
core 6, respectively, have the same magnitudes but run 
in opposite directions to each other (180° out of phase 
with each other), as shown in FIG. 4. Accordingly, as 
the magnetic flux interlinked to the winding 7X be 
comes zero, its detecting voltage expressed by VX—N 
dd>/dt (N denotes the number of turns of the winding), 
also becomes zero, and similarly, a detecting voltage Vy 
of the winding 7Y also becomes zero. 
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6 
Further, when the geomagnetic ?eld He is applied in 

perpendicular to the winding 7X as shown in FIG. 2, a 
bias of the geomagnetic ?ux density expressed as 
Be=uI~Ie (u denotes a permeability of the permalloy 
core) is given to the magnetic flux in the magnetic core 
6. Accordingly, the magnetic flux (b1 and (b2 becomes 
asymmetrical as shown in FIG. 5, so that the winding 
7X derives the detecting voltage VX of a waveform as 
shown in FIG. 6. 
On the other hand, because the geomagnetic field He 

is parallel to the winding 7Y in FIG. 2, no geomagnetic 
field is interlinked with the winding 7Y so that no volt 
age Vy is generated in the winding 7Y. 
The geomagnetic direction sensor 1 is mounted on 

the vehicle in a horizontal posture as shown in FIG. 7. 
For example, when the geomagnetic ?eld He is applied 
to both of the windings 7X, 7Y, the detected voltages 
Vx and Vy (output values) are respectively derived at 
the windings 7X, 7Y according to the geomagnetic 
field, as shown in FIG. 8. 
The detected voltages V,,, Vy are expressed by the 

following equations (1) and (2) provided that a value K 
is a winding constant and a value B is a horizontal com 
ponent of the geomagnetism He. 

Vy=KB sin 0 (2) 

Accordingly, an angle 6 of a traveling direction of 
the vehicle with respect to a width direction of the 
vehicle body is expressed by the following equation (3). 

0=mn~l (Vx/Vy) (3) 

As appreciated from the equations (1) and (2), when 
the vehicle makes one turn under the uniform geomag 
netic field Be, an output circle is described on the X-Y 
coordinate plane based on a coordinate position defined 
by the detected voltages V, and V), as shown in FIG. 8. 
The output circle is expressed by the following equation 
(4). 

143+ V} =(KB)2 (4) 

Accordingly. because the coordinate position defined 
by the detected voltages VX, Vy falls on the output 
circle, a direction from the center 0 of the output circle 
toward the coordinate position (an output point shown 
in FIG. 8) is derived by the arithmetic processing unit 5 
as a traveling direction of the vehicle. 
Assuming that the vehicle is magnetized, an addi 

tional magnetic ?eld G is generated and interlinked 
with the windings 7X, 7Y along with the geomagnetism 
I-Ie, as shown in FIG. 9. Accordingly, the output circle 
is moved from a broken line position to a solid line 
position, as shown in FIG. 10. Consequently, the travel 
ing direction of the vehicle derived by the processing 
unit 5 inevitably includes an error because a coordinate 
position derived after the magnetization on the vehicle 
body does not fall on the output circle derived before 
the vehicle magnetization. 

In order to correct the above-noted measurement 
error, the processing unit 5 executes a below-described 
process for deriving a corrected coordinate position of 
the center of a corresponding output circle. 
A general operation ofthe preferred embodiment will 

be described hereinbelow with reference to FIG. 11 




















